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Method, apparatus and software for gas metal arc welding 
with a continuously fed electrode 

Technical field 

5 The present invention relates to a method and an 
arrangement for supplementing the pulsed gas metal arc 
welding process with continuous electrode feeding and 
material transfer from the electrode to the workpiece 
essentially in the form of one droplet per pulse 

10 without the occurrence of a short circuit, with the 
•object of making vertical welding of V- joints easier, 
particularly in thick material, especially in aluminium 
or stainless steel, with improved joint quality and 
increased productivity. The method consists of causing 

15 the welding process to alternate between such pulsed 
welding and short arc or spray arc welding during a 
continuous welding run. The apparatus comprises a 
welding set that supports such a method, which method 
is called SuperPulse in the following. 

20 

Background art 

In gas metal arc welding with melting, continually-fed 
electrode, usually called MIG/MAG welding, the 
workpiece is heated primarily by the arc. The electrode 

25 is heated partly by the welding current flowing through 
the electrode tip, that is the free end of the 
electrode between the contact nozzle, where the current 
transmission to the electrode takes place, and the arc, 
and partly by the arc itself. The basic control of the 

30 welding process consists of obtaining a consumption 
rate for the electrode that corresponds to the rate of 
feeding the electrode forward. Additional objects of 
the control can, for example, be to control the 
quantity of heat transferred to the workpiece or to 

35 minimize spatter. 

MIG/MAG welding is carried out in one of three modes. 
In short arc welding, the material transfer from 
electrode to workpiece is carried out by large droplets 
40 with the occurrence of a short circuit, as shown 1 in 
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outline in Figure 2. As the process consists of 
alternating arc and droplet transitions with the 
occurrence of a short circuit, the average voltage 
between electrode and workpiece is low and accordingly 
5 the heat transmission to the basic material is 
moderate- When the supplied power is increased, the 
globular mode is entered, where the material transfer 
is carried out by a combination of droplets with and 
without the occurrence of a short circuit. The result 

10 is an unstable arc with a lot of spatter and welding 
fume. Welding in this mode is normally avoided. When 
sufficiently high power is supplied, the process enters 
the spray mode, where the material transfer is carried 
out with small finely-distributed droplets without the 

15 occurrence of a short circuit, as shown in Figure 3. 
The amount of spatter is clearly lower than with short 
arc welding. The transmission of heat to the base 
material is greater and the method is primarily 
suitable for thicker welded materials. The short arc 

20 welding mode and spray arc welding mode are normally 
controlled by the same type of weld process regulator. 
The mode that is adopted by the process is determined 
by the parameters that have been entered in the process 
regulator. 

25 

The third mode is called pulsed welding and involves 
the use of a considerably more complex process 
regulator that also actively controls the actual 
separation of the droplets using a suitable current 

30 pulse. Each pulse separates off one droplet and the 
droplets are sufficiently small for a short circuit not 
to occur. This method, often called synergic pulsing, 
has the advantages of the spray mode in the form of 
little spatter without the disadvantages associated 

35 with the great heat transmission. 

Pulsed welding has become a very common welding method 
nowadays with modern rapidly-controlled inverter power 
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sources. A problem with pulsed welding is the 
requirement for very precise parameter settings. This 
problem has been partially addressed in recent years by 
the introduction of double pulsing or pulse-on-pulse 
5 capabilities in these power sources. This involves the 
introduction of a slower pulsing between two different 
short pulse parameter settings , in addition to the 
pulsing that has the object of separation of droplets 
(short pulsing) . In this way, a slightly greater 
10 tolerance is achieved with regard to the sensitivity of 
the parameters . 

A remaining problem has been welding vertical V- joints 
in thicker materials, for example, 5-10 mm thick. Great 

15 skill has been required in order to weld such joints 
with acceptable quality. This has applied in particular 
when welding in aluminium or stainless steel. In order 
to bridge gaps when welding the root run as well as in 
order to obtain sufficient penetration and to avoid the 

2 0 weld pool running downwards during welding of sealing 
runs, the welder has been forced to use a weaving 
motion and, in this way, control the heat input at any 
time. This is both tiring and time-consuming and, even 
with this, the back of the welded joint has usually 

25 been concave, which results in poorer strength than if 
the back had been a convex shape. In order to achieve 
the required convex shape, some form of backing bar has 
often had to be used. 

30 Object of the invention 

The object of the present invention is therefore to 
provide a method and an arrangement for pulsed welding 
that completely or partially avoids the problems 
associated with the known technology. The invention 
35 solves the problems in the way described in the 
characterizing parts of the independent patent claims. 

Advantageous embodiments are described in the 
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subordinate claims . 

Brief description of drawings 

The invention will now be described in greater detail 
5 by means of embodiments and with reference to the 
attached drawings, in which: 

Figure 1 shows schematically an arrangement for MIG/MAG 
welding; 

Figure 2 shows how the current and the voltage are 
10 changed when a droplet is transferred between the 
welding electrode and the workpiece in short arc 
welding; 

Figure 3 shows a cross section of the lower part of the 
welding nozzle and a workpiece when welding in the 
15 spray mode; 

Figure 4 shows an outline diagram for pulsed welding; 
Figures 5-8 show examples of how the setting procedure 
for the invention can be designed. 

2 0 Modes for carrying out the invention 

Figure 1 shows an arrangement for MIG/MAG welding. This 
arrangement comprises a pulsed welding power source 1 
and a wire feed unit 2. The arrangement comprises, in 
addition, a welding gun and a gas cylinder 4 connected 

25 to this. The welding gun comprises a front nozzle 
comprising an outer tube 5 through which the gas is 
taken and an inner tube arranged centrally in this 
tube, which inner tube comprises a contact nozzle 6 
through which the electrode 7 is passed. The electrode 

30 7 and the workpiece 8 are connected to the welding 
power source 1 in the conventional way so that a 
voltage difference is created between them. The 
arrangement is controlled in such a way that the 
material transfer from the electrode to the workpiece 

35 is carried out essentially by droplets without the 
occurrence of a short circuit (Figure 4). This is 
carried out by the welding current being periodically 
increased to a pulse current of such a size and length 
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that the current density in the electrode brings about 
sufficient electromagnetic forces to separate off one 
droplet per pulse. 

5 Figure 4 shows the principle for pulsed welding where 
the strength of the current increases in pulses, which 
leads to separation- of droplets at the end of the 
electrode. The current level 1 corresponds to the peak 
current value for the pulses, the current level 2 
10 corresponds to the average current level and the 
current level 3 corresponds to a background current 
level . 

Figure 5 shows a control panel where SUPERPULSE can be 
15 selected as the method. 

Figure 6 shows the choices that can be made in this 
embodiment when SUPERPULSE has been selected, for 
instance primary or secondary phase can be selected. 

20 

Figure 7 shows how the primary phase is programmed as 
spray arc mode in this case. The synergic mode means 
that the machine itself suggests suitable parameters on 
the basis of an entered wire feed speed. The weld time 
25 for this phase, and also for the secondary phase, can 
be programmed from 25 ms to 1000 ms . 

Figure 8 shows how the secondary mode has been 
programmed as short pulsing where the machine' s 

30 synergic choice of voltage is 31.8 V for the entered 
wire feed rate of 7 m/min. An addition of 1.0 V over 
and above the synergic choice has been programmed. If 
the synergic mode had not been selected, a large number 
of parameters such as pulse time, pulse amplitude, 

35 gradient of pulse edges, etc, would have had to be 
entered manually and the menus for primary phase and 
secondary phase would have differed in considerably 
more respects. In the example, only the parameter 
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^inductance' shows that the primary phase relates to 
spray arc mode. 

The welding now alternates in a regulated way between 
5 two phases, one phase consisting of short pulsing and 
the other phase consisting of either short arc or spray 
arc welding. This means that while welding is in 
progress, the process changes from one process 
regulator to one of a completely different type without 

10 the arc being intentionally extinguished in between. 
This method has had extremely good results regarding 
insensitivity to the influence of parameters. It is 
therefore now possible to weld vertical V- joints in, 
for example, aluminium with a thickness of up to 10 mm 

15 without carrying out any weaving motion. In the root 
run, pulsing is used between short arc and short 
pulsing and for the sealing run, pulsing is used 
between spray arc and short pulsing. The back of the 
joint has the required convex shape without a backing 

20 bar being used. The method has proved to have dramatic 
advantages regarding both quality and productivity, 
while at the same time the welding is much simpler to 
carry out. 

25 The pulse and pause times are programmed in the range 
25-1000 ms, preferably 50-300 ms . 



30 



The invention can be realized in software or hardware, 
depending upon how the welding process regulators 
involved are implemented. 



